Calyptraeid gastropods are well know for the taxonomic difficulties caused by their simple, phenotypically variable shells. In this paper I demonstrate th at what was previously considered to be a single species, Crepidula aculea ta , is an ancient (3-15 Myr) cryptic species complex made up of at least eight species, and th at this group should be placed in the genus Bostrycapulus. Despite the difficulty in finding diagnostic adult shell and anatomical features upon which species can be unambiguously identified, DNA sequences, protoconch morphology, embryonic morphol ogy and developmental characters clearly differentiate these eight species. A single species with direct development and nurse eggs is present in the South Atlantic, and a species with planktotrophic development occurs in the equa torial Pacific. The species from Japan, Australia, Florida, the Pacific coasts of Mexico and Central America, and the Cape Verde Islands all have direct development. Most of these species are separated by >15% divergence in COI sequence data. The fossil record of Bostrycapulus goes back to the Miocene, which agrees with genetic estim ates of divergences within the genus ranging from 3 to 15 Mya. Surprisingly, these ancient species differ only slightly in morphology from each other and genetic differentiation does not correlate with geographical distance. I revise the genus Bostrycapulus on the basis of differences in adult morphology, embryonic morphology, mode of development, protoconch morphology, and DNA sequence data. I also describe four new species (B. p r itz k e r i sp. nov., B. odites sp. nov., B. la tebru s sp. nov. and B. u rra ca sp. nov.) and remove three others (B. gravispinosus, B. calyptraeformis, and B. cf. tegulicius) from synonymy with B. aculeatus.
INTRODUCTION
The application of molecular methodologies to the system atics of m arine invertebrates and fishes has resulted in the discovery of num erous morphologically cryptic species (e.g. Murphy, 1978; Hoagland, 1984; Knowlton, 1993; Collin, 2000a; Colborn eta l., 2001; Lessios, Kessing & Pearse, 2001 ; Muss eta l., 2001; Rocha-Olivares, Fleeger & Foltz, 2001; Véliz, Guisado & Winkler, 2001; Wares, 2001; Véliz, W inkler & Guisado, 2003) . Cryptic species are not restricted to plastic and morphologically simple groups like sponges and corals, bu t occur in well-studied, morpho *E-mail: collinr@naos.si.edu logically complex groups like snapping shrim p, star fish, sea urchins and fish (Knowlton, 1993; Williams, 2000 ; Lessios eta l., 2001; Muss eta l., 2001). Genetic analysis suggests th a t they m ay have been reproductively isolated for m any thousands of generations (e.g. Knowlton & Weigt, 1998) , and the occurrence of old cryptic species shows th a t isolation for hundreds of thousands to millions of years does not necessarily result in morphological differentiation.
There are a growing num ber of recognized 'ancient' cryptic species complexes in freshw ater invertebrates ). Careful exam ination of morphologically cryptic species often reveals chemical, behavioural, or developmental differences, further supporting their statu s as distinct species (Knowlton, 1993) . Such dif ferences dem onstrate th a t there has been adequate tim e for divergence to occur, despite the observed mor phological stasis.
Calyptraeid gastropods are one such group where morphological characters cannot always be used to discrim inate effectively among species. The simplicity and plasticity of calyptraeid shells has led to much taxonomic uncertainty and instability in this family (Hoagland, 1977 (Hoagland, , 1984 (Hoagland, , 1986 Collin, 2000a Collin, , 2002 Véliz et al., 2001 Véliz et al., , 2003 . Anatomical features can be used to distinguish among major species groups within some genera, bu t are very conservative and often cannot be used to distinguish between closely related species (Collin, 2003a) . Genetic and develop m ental features appear to diverge more rapidly than do morphological characters. Therefore, it is not sur prising th a t recent work with the genetics and devel opm ent of Crepidula and Crucibulum has led to the recognition and formal description of several morpho logically cryptic species (e.g. Gallardo, 1979; Hoag land, 1984; Collin, 2000a Collin, , 2002 ; Véliz e ta l., 2001).
High-level phylogenetic analyses of calyptraeids have led to the discovery of a group of eight cryptic species, all of which were most recently ascribed to Crepidula aculeata (Gmelin, 1791) (Hoagland, 1977) . Crepidula aculeata s.l. has a distinctive shell shape; it is one of the few 'Crepidula' th a t retains clear traces of coiling, the shelf has a distinctive longitudinal ridge and the shell often has num erous spines (Fig. 1) . The shells are distinct enough to have been attributed to a separate subgenus, Bostrycapulus Olsson & Harbison, 1953 , which has sometimes been raised to genus level. Phylogenetic analyses of calyptraeids based on anatom ical (70 species; Collin, 2003a) and molecular (94 species; Collin, 2003b ) data show th a t species in the aculeata group fall outside Crepidula s.s. and are more closely related to Crucibulum and Crepipatella. Therefore, they should be referred to Bostrycapulus.
In her review of Crepidula, Hoagland (1977) synonymized all the nam ed species with shell characteris tics th a t place them in the 'aculeata' group with C. aculeata b u t noted th a t it was unusual for a single species w ithout planktonic larvae to have such a wide, disjunct, geographical distribution. After more exten sive work w ith development, she removed samples from Panam a, which she called C. echinus (Broderip, 1834) , from synonymy with C. aculeata without explaining the change in nom enclature (Hoagland, 1986) . My previous phylogenetic analyses of calpytraeids have included individuals of w hat appear to be several species in this group (labelled as 'cf.
aculeata ' in Collin, 2003a, b) . Here I present morpho logical, developmental, genetic, and biogeographical data with the following aims: (1) augm enting the description of Bostrycapulus-, (2) determ ining the rela tionships between the different species within Bostry capulus, and (3) clearly delim iting the species within the genus.
MATERIAL AND METHODS
Locality inform ation for the live-collected specimens th a t were examined or sequenced for this study are listed in Table 1 . Vouchers are deposited a t the Field Museum of N atural History, Chicago, USA, The N at ural History Museum, London, England, and the Academy of N atural Sciences, Philadelphia, USA. Protoconchs were obtained from the same populations except for the Japanese anim als, which were obtained from shells provided by K. Noda from Minabe, W akayama Prefecture and Cape Verdian anim als where protoconchs were obtained from shells provided by Emilio Rolán from Rife de Chaves, Sal Rei Bay, Boa Vista. Numerous m useum lots of mostly dry m aterial were examined from FMNH, ANSP, CAS, NMP, NMNZ, USNM, AMS, BMNH and IZUA. Museum abbreviations follow Levitón et al. (1985) .
A 611 base pair fragm ent of the m itochondrial cyto chrome oxidase I (COI) gene and a fragm ent of mito chondrial 16S rDNA were sequenced for individuals from each locality and deposited in GenBank. As these data were originally obtained for interspecific phylo genetic analysis, few individuals were sequenced for each locality and in several cases only a single eth a nol-preserved individual was available for sequencing (e.g. B. cf. tegulicius). DNA was extracted from eth a nol-preserved tissue w ith Puregene (G entra Systems) or DNeasy (Quiagen) extraction kits, amplified using Ready-To-Go PCR beads (Pharm acia Biotech), and prim ers and PCR profile of Folmer eta l. (1994) and 16sar-16sbr of Palumbi (1996) . PCR products were sequenced in both directions with dRhodamine (Per kin Elmer) or Big Dyes cycle sequencing dye term ina tor kits using the amplification prim ers and an ABI 377 autom ated sequencer. Sequences were aligned using Sequencher 3.0 and alignm ents were adjusted by eye.
Phylogenetic analyses were conducted using PAUP* v. 4b02 (Swofford, 1998 ). An equal-weighted, unrooted, parsim ony analysis was performed with gaps coded as a fifth character, using a heuristic search with TBR branch swapping and 1000 random additions. Bootstrap support for each clade was assessed based on 1000 bootstrap replicates with TBR branch swapping and ten random additions. I included Crepipatella lingulata, C. capensis, and Cru cibulum auriculum, three close outgroups of Bostry-F igure 1. Photographs of (A) Bostrycapulus calyptraeformis from Venado Beach in Panama and (B)B. odites sp. nov. from the subtidal of Playa Orengo (the three shells on the right) and the intertidal zone of nearby San Antonio Oeste (the shell on the left), Argentina. Both plates show the variation in shell colour and spine development found in samples col lected from the same site. Samples from within a site do not differ in more than three or four base pairs in COI sequences. Scale bars = 10 mm. capulus (see Collin, 2003b) , and used them to root the analysis. Genetic distances were calculated using K im ura 2-param eter distances. DNA sequence data were also analysed using a Bayesian approach. The appropriate model and sta rt ing param eters for Bayesian analysis were chosen for each of the datasets using the likelihood ratio test im plem ented in ModelTest 3.06 (Posada & Crandell, 1998 , 2001 ) with the default settings and an a-level of 0.01. Bayesian analyses using MrBayes 2.01 (Huelsenbeck, 2000; Huelsenbeck & Ronquist, 2001) were conducted for each dataset (COI, 16S, and COI and 16S combined) using the model obtained from ModelTest 3.06. The Bayesian analysis using one cold and three increm entally heated chains started from a random tree with a uniform prior for branch lengths and for the Gamma shape param eter. Invariant sites were retained in the sequences and their frequency was estim ated using the 'invgam m a' setting. The Metropolis-coupled Markov chain Monte Carlo (MCM-CMC) analysis was run five times for 1000 000 gener ations for each dataset and the num ber of trees to be discarded as representing a 'burn-in' period was deter mined graphically to be either 25 000 or 50 000 gen erations. Majority-rule consensus trees for every 50th tree after the 'burn-in' period were created using PAUP*, and consensus phylograms were created in MrBayes.
The morphology and anatom y of ethanol-or forma lin-preserved individuals were examined under a Wild M4 dissecting microscope. The anatom y of five to ten anim als was examined from m ost localities. Prior to m ounting for scanning electron microscopy, protoconchs and radulae were cleaned briefly in dilute bleach and rinsed in distilled water. All specimens were gold-coated and viewed with an Almary scanning electron microscope. Two to five radulae from each locality were prepared for SEM. To estim ate withinindividual variation, the num ber of denticles on each tooth were counted for ten rows of unworn teeth per individual.
Developmental stages were observed live and m ea sured with dissecting and compound microscopes. Broods from more th an 30 anim als were observed from Argentina and Panam a and five to ten broods were observed for populations from Florida, Peru, South Africa, Sydney and Mexico. Developmental stages were not available for anim als from Japan, Brazil, or Cape Verde. Larvae of the single species with planktonic development were raised according to the methods of Collin (2000b) .
RESULTS
The anim als examined during this study can be attrib uted to eight species on the basis of protoconch mor phology, developmental biology, embryology, and DNA sequence data.
DNA SEQUENCE DATA Phylogenetic analysis of COI and 16S DNA sequence data shows little sequence variation w ithin each local ity (about 0.5-1% in COI). There are eight distinct clades (species) th a t differ from each other by 6-21% in COI sequences and by at least 2% in 16S sequences ( Fig. 3; Table 2 ). These groups are supported as monophyletic with bootstrap and Bayesian support above 98 and 100, respectively (Fig. 2) . Sequence diver gences of such m agnitude commonly occur between morphologically well-differentiated species of calyp traeids (Collin, 2003a, b) .
Four of these clades include samples for several locations. One clade is composed of sequences from individuals collected from the South Atlantic (Brazil, Argentina, and South Africa); it shows 0.8-1.2% COI divergence between localities. Another clade includes samples from the Bay of Panam a, Hawaii, and Guam which are identical to each other and also includes the closely related (4% divergent) m aterial from P eru (Figs 2, 4; Table 2 Analyses of the individual gene sequences and the combined analysis show Bostrycapulus to be monophyletic (as did two much larger analyses; Collin, 2003a, b) . However, the relationships between the dis tinct clades within the genus are not well resolved. In all analyses there is high support for the result th a t the Florida-B aham as clade is sister to the sample from Cape Verde, and th a t these two are sister to rem aining taxa. The samples from Baja California, Sydney, and Jap a n group together with 100% boot strap and Bayesian support, bu t the relationships between them are unresolved. The relationship of this Pacific clade with the two P anam anian species and the South Atlantic species is unresolved.
M orphology
Shell morphology and colour are variable within each population. Some sy m patri c individuals have num er ous fine spines, some have fewer large spines. Some shells are robust, some are small and gracile (Fig. 1) genetically sim ilar anim als from Brazil do not share this feature and anim als with identical COI sequences collected from the intertidal zone of nearby San Antonio Oeste are smooth and almost black ( Fig. 1 ). Shell colour is also variable. Shells are often dark brown w ith a wide pale streak running slightly to the right of the midline, although all populations also contain anim als with uniformly pale shells ( Fig. 1) . Animals with pale shells also have pale bod ies. In all populations the shelf is usually white but sometimes has brown streaks. All of the ethanolpreserved m aterial available to me from South Africa, Mexico, and Jap an is so over-grown with coralline algae and other fouling organisms th a t the details of Ol co co fr-fr-co fr-T -1 co LO LO LO CO co
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Ol o 05 fr fr-co co fr-co co co co c o 05 shell sculpture are difficult to distinguish and com pare. However, examination of shells in m useum col lections suggests th a t such variation in shell shape, colour, and spination is typical of most populations of these species. Such variation can be found in any large lot from a single locality.
The different species of Bostrycapulus can be delimited on the basis of protoconch morphology. Protoconchs do not usually rem ain intact on the teleoconchs of adult anim als and those th a t are intact often appear worn. SEMs show th a t juvenile shells from Brazil and A rgentina have large protoconchs of slightly more th an a single whorl, with irregular growth lines (Figs 5F, 41) typical of direct develop m ent with nurse eggs. Shells from the Bay of P an am a and Peru have sm aller more coiled protoconchs, typical of planktotrophic development, th a t increase regularly in size (Figs 5B, 4E). Protoconchs from A ustralia, Cape Verde, Japan, the Gulf of Chiriqui and Florida ( Figs 5A, 4C, D , G, H, respectively) are more globose th an those from the Bay of Panam a and Peru and have less th an a single whorl. As expected from differences in egg size (see below), the protoconchs from A ustralia are the most globose. G ranular sculpture was evident on the protoconchs from Gulf of Chiriqui and Japan, although no sculp tu re was evident on those obtained from juvenile or adult shells from the other localities. Shells of direct developing embryos th a t had been removed from their capsules from both A ustralia (Fig. 6) and Mex ico showed spiral rows of fine granular sculpture when examined under a dissecting microscope, and prehatching stages from the Gulf of Chiriqui showed well-developed spines (Fig. 7) . Likewise, large granu lar sculpture is visible under a compound micro scope on the larval shell of 1-week-old and 3-weekold larvae from the Bay of Panam a (Fig. 8) , bu t this was not retained on the protoconchs obtained from the same species. It is unknown for how long sculp ture is retained after hatching or settlem ent. How ever, its presence in early stages appears to be typical of Bostrycapulus species. Exam ination of preserved samples did not show any consistent anatom ical differences among samples from the different locations. The anatom y of Bostry capulus is, however, distinct from the other major calyptraeid genera (Fig. 9; Simone, 2002; Collin, 2003a ; and see below). The female genital papilla which has proven to be a useful character in distin guishing closely related Crepidula species (Collin, 2000a) is absent in Bostrycapulus. R adula morphology ( Fig. 10; Table 3 ) does not appear to be useful in dif ferentiating among these groups. There is significant within-individual variation in the num ber of denticles on each tooth. In addition, individuals collected from the same locality often vary in the frequency of teeth with few or m any denticles, as well as in the maximum and minimum num ber of denticles.
Development
Three different modes of development are observed in the Bostrycapulus species examined here: (1) planktotrophic larvae; (2) direct development with large eggs, and (3) direct development from small eggs with nurse eggs (Table 4 ). These differences in modes of development and sm aller differences in the details of development correspond to the same eight clades iden tified by the DNA sequence analysis and protoconch morphology.
The clade from the South Atlantic has direct devel opment from small eggs which consume nurse eggs and hatch as crawling juveniles. The nurse eggs begin to develop and cannot be distinguished from the embryos until after gastrulation. The clade from the Bay of Panam a, Hawaii, and Peru has planktotrophic development. Animals from A ustralia, Mexico, Florida and w estern Panam a develop directly from large eggs. Direct development w ithout nurse eggs is also reported for anim als from Jap a n (Ishiki, 1936) b u t the egg size seems too small (Ishiki, 1936; Amio, 1963) to produce such large juveniles. It is unlikely th a t these from Argentina. There are no differences among species in the characters depicted here. A, dorsal view of the animal sub sequent to removal from the shell. B, dorsal view of the animal with the mantle reflected. C, osphradium. D, penis. Abbre viations: eg, capsule gland; ct, ctenidia; dg, digestive gland; e, oesophagus; f, foot; fp, food pouch; g, seminal groove; gd, gonad; hg, hypobranchial gland; i, intestine; k, kidney; nr, nerve ring; os, osphradium; sg, salivary gland; sm, shell mus cle; ss, style sac; st, stomach; v, ventricle.
F ig u r e 10. Radula of Bostrycapulus aculeatus collected from Mote, Florida. Scale bar = 100 pm.
differences in development are the result of interspe cific variation, as poecilogony is not known in caenogastropods (Hoagland & Robertson, 1988; Bouchet, 1989) and no variation in development was observed among individuals from a single locality. More details of embryology are given below with the descriptions of each species.
DISCUSSION
Although the populations examined here cannot be easily distinguished on the basis of shell morphology or easily visible anatomical features, the available data show th a t at least eight distinctly different mito chondrial haplotype lineages are present in Bostry capulus. The levels of intraspecific DNA sequence divergence reported for other calyptraeid species (Collin, 2000a (Collin, , 2001 are sim ilar to the divergences between sequences reported here for individuals belonging to the South Atlantic clade or to the equa torial Pacific clade. Genetic divergences between each of the eight clades are considerably greater th an divergences between cryptic sibling species of other calyptraeids (Collin, 2000a (Collin, , 2001 ) and they are, in fact, often much larger th an divergences between m any clearly defined species of Crepidula (Collin, 2003a, b) . The only other anatomical work th a t exam ined and compared several of these clades (animals from Spain, Brazil, Hawaii and Sydney; Simone, 2002) also found no consistent morphological differ ences among populations. Such cryptic differentiation Table 2 ). The maxi mum levels of genetic divergence (21%) between Bos trycapulus species are sim ilar to or somewhat greater th an those reported for other widespread m arine gen era: 4-6% in cytochrome b from trum pet fish species ). In most of these cases, however, the species can be distinguished on morphological grounds and have been historically recognized as distinct. The higher levels of genetic divergence and almost com plete absence of morphological differentiation among Bostrycapulus species suggest th a t the rate of morpho logical evolution relative to genetic change is consid erably slower in calyptraeid.s th an it is in these other groups.
There is ample evidence th a t the radiation of Bos trycapulus is an ancient cryptic radiation like th a t documented for bonefish (Colborn eta l., 2001) . Museum records place Bostrycapulus as far back as the Miocene in Florida and California (Hoagland, 1977) . Application of two separately derived molecular clock rate estim ates to the divergences listed in Table 2 provides sim ilar rough estim ates of the age of the group and also places it well into the Miocene. Application of a rate calibration of 0.88%/Myr for COI of cowries (C. P. Meyer, unpubl. data) gives the diver gence times among the eight Bostrycapulus lineages as 3.7-12.0 Myr. Application of M arko's (2004) rate of 2.2 substitutions per base per year for m itochondrial third positions in Nucella dates the divergences at 3.7-15 Myr. Because the fossil record oí Bostrycapulus is poor and because none of the sister-species pairs dis covered here are separated by well-dated barriers like the Isthm us of Panam a, it was not possible to calibrate the Bostrycapulus sequences.
The geographical range of m arine invertebrates is usually assum ed to be related to mode of development. Species with direct development are presum ed to have higher levels of population structure and sm aller geographical ranges th an those with planktotrophic development. These expectations do not appear to be borne out in the case of Bostrycapulus. The direct developing species in the South Atlantic show very lit tle genetic differentiation over a large geographical range. COI sequences show less differentiation between these South African and South American pop ulations th an is present over hundreds of kilometres along the east coast of N orth America in other direct developing Crepidula species (Collin, 2001) . It is unlikely th a t the genetic sim ilarity of populations in Argentina, Brazil, and South Africa is due to recent unrecorded introductions. Fossil 'C. aculeata' have been collected from the Pliocene and Pleistocene of Argentina (Hoagland, 1977) , and the Pleistocene of South Africa (R. Kilburn, pers. comm.) . The placem ent of the South African populations as sister to the other two suggests th a t the trans-A tlantic dispersal event predates the COI coalescence of the Argentine and Brazilian populations. It is possible th a t anim als could be transported between South America and South Africa on the holdfasts of drifting Ecklonia spp., Dur villaea antarctica, and Marcrocystis pyrifera kelp (Smith, 2002) . Individuals of a Bostrycapulus species have been found attached to holdfasts of such kelp (R. Kilburn, pers. comm.) , as have the brooding bivalve Gaimardia trapesina (Lamarck, 1819) (Helmuth, Veit & Holberton, 1994). Widely dispersed m arine species are not uncommon in the southern hem isphere (e.g. Waters & Roy, 2004) .
The clade in the equatorial Pacific shows genetic dif ferentiation between P eru and Panam a, bu t not over the thousands of kilometres between Hawaii, Guam and Panam a (Figs 2, 4) . The Bayesian estim ate of COI phylogeny (Fig. 2) shows the clade from P eru nested within the Panam a haplotypes, while the estim ate based on 16S shows the clades as sisters, suggesting th a t the root of the Peru clade has been misplaced in the phylogeny. The unrooted haplotype network (Fig. 4) shows th a t the two clades are reciprocally monophyletic and th a t the H aw aiian and Guam haplotypes nest firmly within the P anam anian clade.
It is probable th a t the genetic sim ilarity between the geographically distant populations in Guam, Hawaii and Panam a is the result of hum an-m ediated introductions. For example, the samples from Guam th a t were used in this study were obtained from a dry dock after its arrival from Hawaii. Because Bostry capulus has not historically been present in Guam (G. Paulay, pers. comm.) these anim als m ay represent the founders of a new biological invasion. Likewise, B. aculeatus is often listed as an introduced species in Hawaii (Coles et al., 2000) , and the earliest recent m aterial appears to have been collected in Hawaii in 1915. However, Sowerby (1883) and Reeve (1859) both list 'Crepidula aculeata' as occurring in the 'Sandwich Islands' (presum ably the H aw aiian Islands and not South Sandwich). Pleistocene m aterial th a t is possibly attributable to Bostrycapulus from Hawaii is depos ited a t ANSP (ANSP 116536) bu t is in such poor con dition th a t it is not possible to identify it with certainty. Animals identified as B. aculeatus have also been collected in Alicante, Spain (Simone, 2002) , an area outside th eir historical range. Unfortunately, the phylogenetic affinity of these anim als within Bostry capulus is unclear and diagnostic m aterial is not cur rently available for study. The possible and realized potential for Bostrycapulus species to become estab lished invaders makes the documentation of natural ranges and clarification of species identifications of pressing concern.
TAXONOMIC DESCRIPTIONS
I feei th a t it is necessary to formally recognize each of the clades recovered in this study as distinct species, despite the difficulty in finding diagnostic features in adult morphology. There is no theoretical reason to expect th a t m echanisms of spéciation should always result in species th a t can be distinguished visually. I believe th a t the high levels of genetic differentiation among the samples examined here, the clear differ ences in development, and the large geographical sep arations strongly support the status of these different clades as separate species. Continued application of the B. aculeatus s.l. concept would only further obscure data th a t could possibly be used to distinguish these species as they come to light, as well as limiting our ability to identify species introductions and extinc tions (e.g. Geller et al., 1997; Geller, 1999) . Application of the available nam es for the species from Japan, the equatorial Pacific, and West Africa, w ithout formally nam ing the other clades would leave a poly-and paraphyletic B. aculeatus, a clearly undesirable situation. Therefore, I remove the available nam es from synon ymy with B. aculeatus and formally describe four new species. I take a conservative approach and describe new species only if a putative species differs from other groups in development and forms a topologically well-defined monophyletic clade in the mitochondrial gene trees. This approach discounts the possibility th a t the low levels of genetic differentiation w ithin the South Atlantic and the equatorial Pacific clades reflect additional poorly differentiated species. F u rth er study and greater geographical sampling is necessary to determ ine the status of these populations.
Hoagland (1977) synonymized a num ber of species w ith B. aculeatus (Gmelin, 1791) . However, C. tomentosa, C. maculata and C. foliacea need to be removed from this synonymy and should not be placed in Bostrycapulus. Exam ination of the original descrip tions and type m aterial shows th a t C. tomentosa Quoy & Gaimard, 1832 -33 (see Hoagland, 1983 ) and C. maculata Quoy & Gaimard, 1832-33 are both more sim ilar to Calyptraea or Sigapatella th an they are to Bostrycapulus. They have a cap-shaped shell w ith a central apex and obvious coiling. The thick shaggy periostracum gives the im pression th a t the shells are spiny. The figure with the original description, and the type m aterial of C. foliacea (Broderip, 1834) are more sim ilar to Crepipatella fecunda or Crepipatella dilatata and are also clearly not allied with Bostry capulus. Broderip (1834) placed this species in Crepi patella, which appears to be a more appropriate designation.
The following eight species are recognized here as members of Bostrycapulus: B. aculeatus (Gmelin, 1791) Marwick, 1926 ) is also clearly a Bostrycapulus species (not a synonym of C. dilatata (Ivanov eta l., 1993)) bu t I consider it a nomen dubium because the type locality is unknown (Ivanov et al., 1993) and the lack of diagnostic shell characters in any of the species in this complex make it impossible to assign m aterial other th an the lectotype to C. haliotoidea with any confidence. The name C. californica Tryon, 1886 also refers to an anim al in this group, bu t it is a nomen nudum. N either of these nam es will be considered further.
According to m useum records, shells fitting the description of Bostrycapulus species have been col lected from the Galapagos Islands, the M arquesas, Venezuela, Cuba, Chile, Senegal, India, and Korea, although no observations of development or molecular data are available for samples from these places. Despite recent concerted efforts, no live anim als have been collected from Chile (pers. observ.; D. Véliz & O. Chaparro, pers. comm.) or southern P eru (pers. observ.; A. Indacochea, pers. comm.), despite m aterial at the ANSP listing a locality of 'Callao, P eru'. There fore, the occurrence of these anim als in Chile and southern Peru m ay be episodic. Clearly, further sam pling of these taxa, including developmental and molecular characters, would contribute significantly to our understanding of their evolution, biogeography, and taxonomy.
B o s t r y c a p u l u s Olsson & Harbison, 1953
Type species: Bostrycapulus aculeatus (Gmelin) by original designation.
Original description 'Shell widely slipper-shaped, with a strongly eccentric apex, closely appressed and spirally coiled towards the left side (viewed dorsally). Surface with strong, radial riblets or threads, the prim ary ones often becoming scabrous or spiniform. Diaphragm as in Crepidula s.s., its edge nearly straight, the muscle scar below small b u t distinct'.
Morphological description
Shell: externally, the shell is relatively flattened and more coiled, b u t generally sim ilar to th a t of Crepidula species. The in ternal septum extends about half the length of the shell, and the anterior m argin is indented medially and notched on the anim al's left side. A distinct bu t small medial ridge or crease extends from the medial indentation to the posterior shell m argin near the apex. The small lunar muscle scar on the anim al's right side anterior to the shelf is often more deeply indented th an in Crepidula species. The shell is distinctly coiled w ith about one single whorl after the protoconch-teleoconch boundary. The apex is appressed, usually occurring slightly above the posterior shell m argin on the right; it is not excavated. E xternal shell sculpture ranges from widely spaced large scale-like plicate spines to tightly packed pointed g ranular bum ps along fine spiral ribs. Shell colour ranges from overall cream w ith scattered brown m arkings to solid chocolate brown, sometimes w ith a pale streak and occasionally solid tan. The m arkings are sometimes speckled and often streaky. No teleoconch characters have been found to unambiguously diagnose species in the genus.
Protoconch: the size of the protoconch varies between species depending on the mode of development bu t is less th an two whorls and is often eroded in adult spec imens. Hatchlings and embryos show a linear pattern of fine, widely spaced granules on the protoconch. Pro toconch characters can be used to diagnose several species.
Pigmentation: the head, neck, foot and m antle are cream, b u t there is a m att black marbled area along the edge of the foot. Large yellow or orange splotches are scattered along the neck lappets and concentrated on the lips and tentacles. Black pigm ent also occurs on the dorsal side of the head and neck. The intensity of all pigm entation varies, with some anim als showing alm ost no black pigment. The black pigm ent is retained in preserved or fixed m aterial, although the yellow and orange m arkings are lost. There are no diagnostic differences in pigm entation among the spe cies described here.
Anatomy: the overall anatom y of Bostrycapulus spp. is sim ilar to th a t of other calyptraeids (Kleinsteuber, 1913; W erner & Grell, 1950 ; B. aculeatus s.l. described by Simone (2002) (Fig. 9) ). The foot is round with a rectangular propodium and extends slightly more th an h alf the length of the shell. There are no mesopodial flaps. The corners of the propodium are not extended laterally and cannot extend free of the rest of the foot. The neck is dorsoventrally flattened with lap pets along each side and w ith a narrow food groove travelling forward to the tentacle on the right side. Tentacles are stubby, with a simple black eye on the lateral side about a third of the way to the distal end. The lips are equal in size with small, thin jaw s embed ded in the dorsal side. Tentacles narrow suddenly, immediately distal to the eye. The food pouch at the anterior medial edge of the m antle is surrounded by thick flaps. The tissue connection between the m antle m argin and the foot extends anterior to the foot and to the shelf on the anim al's left side. The osphradium is a dark, tightly packed strip of bipectinate filam ents at the base of the gili filaments. The anterior filaments are sm aller th an the posterior filaments. The osphra dium extends from the food pouch to slightly within the m antle cavity. The long, narrow gili filam ents are somewhat thickened at their base. The salivary glands are huge, filling the entire neck and extending from the buccal mass, externally p ast the nerve ring, to the anterior m argin of the visceral mass. They are in tri cately branched along their entire length.
When removed from the shell the distal third of the viscera curves to the anim al's right. The tapered m an tle cavity and gills extend about two thirds of the way to the tip of the viscera on the dorsal left side. The crescent-shaped shell muscle extends dorsally from the foot to the shell roof on the right side. A small, dor sal attachm ent muscle runs from within the dorsal m antle tissue above the intestine to the medial shell roof ju st anterior to the shelf.
The stomach is visible dorsally to the right of the posterior end of the m antle cavity. The oesophagus runs ventrally in the viscera and enters the stomach posteroventrally. The short style sac runs laterally from the stomach to the left m argin of the visceral m ass in the dorsal viscera posterior to the m antle cav ity. The distal end of the style sac narrows to connect with the intestine, which runs directly to the right side in the ventral visceral mass. The distal loop of the intestine is visible in the dorsal wall of the m antle cav ity. This arrangem ent of the digestive system with respect to the m antle cavity is distinct from the arrangem ent in Crepidula, where the m antle cavity extends to the end of the visceral m ass and the style sac is ventral to the m antle cavity. The brown diges tive gland surrounds the stomach and extends to the end of the visceral mass. In fresh and ethanol-pre served m aterial a network of thick white vessels run ning through the digestive gland is clearly visible. These vessels are not visible in formalin-fixed m aterial.
The h eart and kidney are sim ilar to Crepidula spe cies. The h eart and pericardial cavity are visible in the dorsal side of the viscera. The pericardial cavity is at an angle to the anterio-posterior axis and extends along the posterior m argin of the m antle cavity. In Crepidula species the pericardial cavity is orientated anterior-posteriorly. The hollow kidney is located in the roof of the m antle cavity anterior to the pericardial cavity and posterior to the distal loop of the intestine. The nephrostome opens into the m antle cavity mid way between the pericardial cavity and the distal loop of the intestine.
The cream or yellow gonad is somewhat external to the digestive gland and covers alm ost the entire ven tra l side of the visceral m ass in females and the ante rior ventral side in males. The sem inal vesicle is a convoluted, narrow tube in the right anterior dorsal m argin of the viscera below the m antle cavity and opens into the open-grooved vas deferens. The vas def erens runs to the base of the penis where an open sperm groove runs medially on the ventral side to its distal end. The thick flattened penis ends bluntly with a very small papilla. The penis is usually considerably longer th an the tentacles and often exceeds the ani m al's body length in small males. In females the vis ceral oviduct and gonopericardial duct join at the right anterior dorsal m argin of the visceral mass where the album en gland extends up into the roof of the m antle cavity. Several sem inal receptacles con nect to the album en gland. Distal to the seminal receptacles, the two lobes of the capsule gland con verge and open directly into the m antle cavity through the genital pore. The female genital papilla is absent. All species described here show evidence of protandry.
The nerve ring is located a t the posterior m argin of the neck ju s t anterior to the visceral m ass and com pletely embedded in the salivary glands. The nerve ring is the same as in C. fornicata (Werner & Grell, 1950) . A pair of buccal ganglia are located against the dorsal medial m argin of the buccal mass.
Radula: the taenoioglossate radula (Fig. 10) is sim ilar to th a t of other calyptraeids. In Crepidula the major cusps are straight-sided (e.g. Collin, 2000a), producing a dagger-shaped or triangular cusps. In Bostrycapulus the sides of the major cusps on the rachidian and lat eral teeth are sinuous. The m inor cusps on all teeth are more appressed to the body of the tooth th an in other species. The num ber of denticles on each tooth varies significantly among rows within an individual and among individuals (Table 3) .
Development: the transparent, thin-walled egg cap sules of Bostrycapulus species are typical of all calyp traeids. The stalks are wide, flattened ribbons and not thread-like as in some species. The female broods the capsules between the neck and substrate and propo dium until hatching. Differences in development are diagnostic among species.
There are currently eight recognized species in Bos trycapulus (see Table 4 Distribution: the known distribution of this species includes both coasts of Florida, the Florida Keys, Yucatan, the Baham as, and probably the northern Caribbean Sea. Shells from as far north as N orth Carolina also probably belong to this species, although this has not been verified by exam ination of development or DNA sequence data. It is common on rocks and debris in the shallow subtidal zone, and can also be found on the carapaces of horseshoe crabs. Ranges to a depth of a t least 60 m. Description Shell: as described for all Bostrycapulus species above. Maximum length = 30 mm Protoconch: globose, comprising a single whorl, c. 900 pm across. No sculpture is retained in m aterial available from juvenile shells. The protoconch-teleoconch boundary is not distinct (Fig. 5H ).
Anatomy: as described for all Bostrycapulus spp. above.
Radula: as described for all Bostrycapulus spp. above (Fig. 10) .
Development: the egg capsules of B. aculeatus are typ ical of all calyptraeids. The stalks are wide, flattened ribbons and not thread-like as in some other species. The 20-30 large yolky eggs per capsule all develop directly into crawling juveniles. Embryos develop a small b u t distinct velum, an operculum (Fig. 8B) , a small round yolk-free head vesicle, and a single round embryonic kidney on each side. The velum and ten ta cles have a few cream spots and a dark stripe develops along the mid-line of the foot late in development (Fig. 8B) . Prior to hatching, the shell begins to tu rn brown and the granular sculpture can be seen clearly with a dissecting microscope. Despite the relatively large velum, excapsulated embryos are never able to swim free of the bottom of the container. Hoagland (1986) reports an egg size of 380 pm and a hatching size of 840 pm. I found an egg diam eter of 378 pm (SD = 9 um ; N = 11) for a single female from Lido Key, Florida.
Notes: the type locality, 'islands of the Americas' is somewhat vague bu t most likely refers to a locality in the northern Caribbean. It is possible th a t Bostry capulus from the southern Caribbean is a distinct species from the species described here as B. aculeatus (Gmelin, 1791 , 1950 : 30. Col lin, 2003a : 541-593. Collin, 2003b Diagnosis and description: the shell morphology and anatom y of B. gravispinosus are the same as other species of Bostrycapulus. All specimens available to me are sm aller (maximum length is 20 mm) than B. aculeatus. The protoconchs retain radial rows of fine g ranular sculpture (Fig. 5D ). Development is direct, apparently w ithout nurse eggs (Ishiki, 1936; Amio, 1963) , although the egg size of 200 pm cited by Amio is too small to produce large juveniles with out some kind of extraembryonic nutrition. The pro toconchs from Minabe, W akayama Prefecture show a morphology typical of direct development from large eggs and an apparent hatching size of about 1 mm. H atching size is given as 1000 pm by Ishiki (1936) and as 1200 pm by Amio (1963) . Since only a single COI sequence is available, it is difficult to evaluate the diagnostic differences. However, apparent diag nostic DNA sequence differences, distinguishing B. gravispinosus from all other Bostrycapulus spe cies are in the following positions in the COI sequences subm itted to GenBank (position 1 = position 1537 of the D.yakuba mitochondrial genome, GenBank #X03240): 18(g), 51 (g), 138 (g), 175 (c), 296 (c), 340 (t) Distribution: Japan. South of Boso Peninsula and west of Noto Peninsula to the Amami Islands (Taki, 1938) .
Notes: fossils occur in Jap a n in the Tertiary (Hoag land, 1977) . The apparent conflict between the egg size and hatching size data reported by Ishiki (1936) and Amio (1963) could be explained if there were two Ja p anese species th a t differed in development. Unfortu nately, only a single broken specimen was available for DNA sequencing, and the protoconchs were not pre served on m ost of the available shells, so this possibil ity cannot be ruled out. If m ultiple species are present in Japan, either historically or due to recent introduc tions, the nom enclatural stability of B. gravispinosus would benefit from the designation of a neotype th a t retains either developmental or DNA characters th a t can be used to unam biguously distinguish it from the other species in the Bostrycapulus. Original description: 'C. testâ ovato-rotundatâ, gibbosâ, rufescente, longitudinaliter striatâ; strius rugosis, ad marginem evanescentibus; apice obliquo, spirato'.
B o s t r y c a p u l u s c a l y p t r a e f o r m i s
Type material: two syntypes in the Paris museum (Hoagland, 1983; P. Bouchet 2001 pers. comm 
.). One is figured in Hoagland (1983).
Type locality: Peru (?). Deshayes (1830) supposed th a t the types came from P eru because they were bought with shells of other Peruvian species.
Diagnosis: the shell morphology and anatom y of B. calyptraeformis do not differ from those of B. aculeatus as described above. B. calytraeformis can be distinguished from the other species of Bostrycapu lus by the presence of planktotrophic development and a smooth protoconch with 1.5 whorls (Fig. 5) . Diagnostic DNA sequence differences distinguishing Description: shell morphology and anatom y of this species differ from B. aculeatus only in protoconch morphology (Fig. 5B, E) . Development is plank-totrophic. Animals from Panam a produce small 180 pm eggs (Hoagland, 1986) and hatch a t a length of 345 pm (Collin, 2003c) . At hatching, the larval shell is covered w ith fine spines or periostracal hairs th a t are visible under a compound microscope. Animals from Hawaii hatch at 320 pm (Bell, 1993) . The veliger lar vae have a black intestine, and two small red stripes in the food groove along the anteriolateral and posteriolateral corners of the velum (Fig. 8B) . There are no pigm ent spots on the foot or velum. Larvae from P an am a settle in culture starting a t a shell length of 700-800 pm (pers. observ.; Collin, 2003c) . Animals from northern Peru (Mancora, Zorritos, and Paita) also have planktotrophic development, but more detailed observations are not available. This is the only known species of Bostrycapulus with planktonic larvae.
Notes: the type of this species is from P eru and the description presented here is based on m aterial from the north coast of m ainland Peru, supplem ented with observations of m aterial from Panam a and Hawaii. As diagnostic m aterial from Isla Lobos is not currently available, the synonymy of C. calyptraeformis with C. echinus and C. hysterix has yet to be rigorously dem onstrated. The genetic differentiation between the samples from Peru, and Panam a and Hawaii is almost as great as the differentiation among other sibling Crepidula species (e.g. Collin, 2000a Collin, , 2001 suggesting th a t these m ay be two distinct species. Because the available data are insufficient to unambiguously determ ine the status of these populations and I am aware of no differentiation other th an the DNA sequences, I have chosen to conservatively place them all in B. calyptraeformis until more inform ation is available. Holotype: A ustralian M useum #C400000, shell and ethanol-preserved soft parts. Shell illustrated in Figure 11 ; length = 14.8 mm; w idth = 11.8 mm; height = 4.1 mm. Frozen tissue of this specimen: FMNH 282361.
B o s t r y c a p u l u s cf. t e g u l i c i u s

Synonymy
Type locality: Edwards Reef, Sydney, A ustralia. 33°51'S, 151°13'E. Low intertidal zone on rocks.
Other material from type locality: FMNH 282302 (paratypes).
Diagnosis: B. pritzkeri can be distinguished from the other species in Bostrycapulus by its large, globose protoconch, and direct development from large eggs th a t produce embryos lacking the larval features present in other direct developing species of Bostry- Distribution and habitat: the Atlantic coast of South America, from Sao Paulo, Brazil to Puerto Madryn, Argentina, as well as the south coast of South Africa from Cape Town to Port Elizabeth and north to north ern N atal (N atal Museum). M aterial examined here was collected from rocks intertidally in South Africa and Brazil, and intertidally from rocks and subtidally from the shells of pen-shells and oysters in Argentina. This species occurs to depths of a t least 40 m.
Description: shell morphology and anatom y are the same as B. aculeatus, with the exception of the proto conch. The 1 mm diam eter protoconch is smooth with irregular growth lines towards the aperture (Figs 5F, 41). The indistinct protoconch-teleoconch boundary occurs after slightly more th an a single whorl is completed.
Observations of development are available for ani mals from Argentina and Cape Town, bu t only the early stages were collected. Eggs from A rgentinian anim als are 197 pm in diameter. All eggs in a capsule begin to develop synchronously and gastrulation includes invagination. G astrulas look sim ilar to those of C. lingulata (Collin, 2000b) . After gastrulation, the nurse eggs rem ain spherical with centralized yolk and ciliated epithelium. After consuming the nurse eggs, the rem aining embryos form intracapsular veligers with a single embryonic kidney on each side, a dis tinct operculum, a very small distinct velum with a food groove, a small round head vesicle, and some black pigm ent on the intestine. The shells of early embryos appear smooth under a dissecting micro scope. Embryos n ear hatching were not observed in October and November in Argentina, or December in South Africa. I observed the development of a few broods of South African animals. It appears th a t the embryos begin to consume the nurse eggs slightly ea r lier in development th an those from Argentina, and th a t the larval features are therefore slightly less well developed relative to embryo size. Maximum length = 30 mm.
Etymology: odites is a Greek noun m eaning traveller.
This nam e refers to the large geographical distribu tion this species has attained despite its direct development. Holotype: FMNH 282358, shell and ethanol-preserved soft parts. Shell illustrated in Figure 11 ; length = 15.0 mm, width = 11.9 mm, height = 4.1 mm. Frozen tissue is also deposited at the FMNH under the same lot number. 
